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Abstract; In order to minimize lost circulation time while drilling through fractured formations, lost
circulation plugging materials are generally used to prevent fracture propagation under pressure. So far,
however, no further analysis has been performed on the key factors that arrest or inhibit fracturing. In this
paper, a related study was conducted. First, analysis was conducted on fracture pressure variation after
leakage control. Second, a formula for the fracture terminations and a stress intensity factor induced by
fracture pressure was derived using the principle of superposition. And third, the influencing factors of the
stress intensity factor were analyzed. It is shown that the stress intensity factor decreases with the increase
of plugging length, drilling fluid viscosity, and the decrease of the plugging permeability, and consequent-
ly arrest/inhibition of propagation conditions are gradually satisfied. The stress intensity factor increases
as fracture length or subsurface pressure increases or plugging location gradually approaching fracture ter-
minations. The higher the stress intensity factor is, the more difficult the fracture inhibition. The func-
tional relationships between the stress intensity factor induced by fracture pressure and other parameters
are as follows. The formula shows approximately a cubic relationship with plugging length and location,
linear relationship with drilling fluid viscosity and subsurface pressure, approximately a logarithmic rela-
tionship with plugging permeability, and power relationship with fracture length. In summary, fracture
propagation can be stopped through optimizing circulation lost materials and improving drilling fluid prop-
erties if the fracture length and subsurface pressure are constant or out of control during pressured leakage control,

Key words: fractured reservoir; lost circulation; leakage control under pressure; fracture arrest;
stress intensity factor; influential factors
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Fig. 1 The schematic diagram of the stress state

of fractures in formations
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Fig. 2 The schematic diagram of plugging zone inside a fracture
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Fig. 3 The schematic diagram of plugging zone inside a fracture
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B o =R A ), n 1548 B RS T 4%
W F15 R & (po)

) . R-+1
JrKSAR (arcsm

. R
— arcsin —

R+L R

R—+L R+L

RIL? R+ (R+D <R+L>2—<R+z>2] 9

IO Mg 1 EORAE T EFE KL B
RGN (BB R R RJE I N 2500
SENIEFIGIERT ke Cop) BYSZMR P AR A5 RN TA] 5—
K 8 fR.

3.381

w

W

N
T

»=3.0X107x*-1.000 0X 107~
4.6X107x+3.356 9

3.347 R*=0.999 4

3.32f J=5.0X 10°5¢-2.0X 10—
X 102+3 356 2

330f R

328+

—— 5 E B 20 mPa-s

326 —= &5 HiEEE 40 mPa-s

—— 5 EG 60 mPa-s

0 1 2 3 4 5 6 7 8 9 10
HIKE/m

(a) SR BEHR R

GERN T 5 FE A F- 43 fit / (MPa -vim)

)
w
[9%)
=

+/m

%)

%)

[
T

A g 2 TN
Y= 10X 107053 3378 %0 0o

R=1

w
%)
)

w
%)
T

y=—1.6X107x+3.357
R=1

—— HERKE A2 m
[ HEKE A4 m
—— HIFERKEHE m

hed
)
Nel

BERMITIRE T4 B/ (MPa-

w
[S54
~

0 510 15 20 25 30 35 40 45 50
B FFFE R / (mPa-s)
(OENGE:F5:
5 SHHEPEIERNIREREFHSENFN
Fig. 5 The effect of drilling fluid viscosity on the stress

intensity factor of fracture termination
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Fig. 6 The effect of plugging permeability on the stress intensity factor of fracture termination
55 60
< £
E 45 = 5.0
< <
] 1
xR R 4.0
M 35 R
sl jixsl
g % 3.0
=25 —o— BRI A20 mPas,y=1.057 2x"5003 R2=1 = o BEF NS mD,y=1.057 200503 R2=]
5 —=— BSR40 mPassy=1.057 2x3-:::,13§=1 4_;? 50 —=— BB A 10 mDy=1.057 1" R2=]
§-ﬁ¥ —— EEFIERE 60 mPa-s,y=1.057 2x°475 R?=1 &%’ : — BIBERHA10 mD,y=1.057 1x0504 R2=]
1.5
0 5 10 15 20 25 30 0 5 10 15 20 25 30
FHEKFE/m HEERKJE/m
() HIEKEH2 m (b) B EH2 m
_6 6
€ | o GHIRIMIRIE H20 mPass y=1.070 550923 k=] € —— BIEFNS mD,y=1.070 5x*473 R*=1
S| SRR 40 mPars y=1.081 846 R2=] & —— BB K10 mD,y=1.065 1x04%0 R2=]
S |~ HIRRBEER60 mPasy=1.093 X6 =1 S — BBFRAN10 mD,y=1.062 4547 R2=]
S~ S~
®° H °
xR xR
i ing
Jixs) Jixsh
=L 5
R R
2 =
XK XK
®, ®
0 5 10 15 20 25 30 0 5 10 15 20 25 30
REEHE /m REERKJE /m
(c) B K EH8 m (d) HHEHKEH8 m
597 585
E s 1=6.0X10°-0.0X 10 € 550 7 ;Blgjf;%)g 107
<l Ro00998 ¢ £ K=09%98
2 56 2575
i 55 CLOX10°2 0% To e o o e
K54 )2’._57& 102r+5.814 5 & 5.70 v, 10-:)#5'18(%302999 8
N 53 R*=0.999 8 [ -
g 59 20X 10503 0% 1o g 3.65 1=6.0X 10790 X 10"y
Bl 3 86X 107245811 4 2 560 . 129X 10%c+5.817 6
S so| o BN mpes ‘ : S| R 8
> 50 X N —=— 1% m
2 00| a0 mPars Bssst BiER 10 mD
R 49T~ BRI 60 mPass g
4.8 S ———————————— R 11
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
HIKE/m HIKE/m
() HEEK EH30m (f) Z4EK FEH30 m

7

Fig. 7 The effect of fracture length on stres
2. i 6 AL 5 IR AR R 7R BHE B
R—JE N B SN BRI K by (pp) BT

HEEREN RN IRERTHERNFIT

s intensity factor of fracture termination
JIN s W 22 TR T AR R = K BRI EIOC B 5 a3 I R B
Kol oo MU BT T 288% 11L



o 54 o 4

)

Fid R 2016 1 A

W

[ —o— BN BE 20 mPars,y=0.056x-0.010 4,R>=1
—=— LI R 40 mPas,y=0.056x-0.020 7,R*=1
| —— &5 IR RS B A 60 mPa-s,y=0.056x-0.031 1,R=1

~

BERPL ST IR IEA T4 B/ (MPa-vim)

30 40 50 60 70 80 90

f=)
St

N JES)/MPa
(2) HIEKEH2 m
= . 5L B R20 mPa-s,y=0.056x-0.032 4,R*=1
g —=— EEH I E B M40 mPa-s,y=0.056x-0.064 7,R*=1 s
§ 4+ —— &5 FE E 60 mPa-s,y=0.056x-0.058 1,R2=1 A 3
s
2
E
R 1L
%
K
0 10 20 30 40 50 60 70 80 90
N JES) / MPa
(c) HEFKEEH8 m
5.06r

o

=3

=
T

y=3.0X107x-1.0X 10"y~
4.6X107x+5.035 7
R=0.999 4

b

o

)
T

o

=3

S
T

»=5.0X107x*-2.0 X 10™x*~
9.2X107x+5.035 0
R*=0.999 4

—— BN A 20 mPas
—=— BN FE A 40 mPas

»=8.0X107°x*~4.0 X 10"y~
38X 107x+5.034 3
R*=0.999 4

b

o

=
T

HER N F) 98 BE T 43 it/ (MPa-vim)

496+ —— 5 FL B 60 mPas
492 s s s s s s s s : s
0 1 2 3 4 5 6 7 8 9 10
B E/m
(e) FFHES) #190 MPa

BERPL ISR IEIR ¥4 B/ (MPa-vim)

SEIN 1SR E A T4 7t/ (MPa-vim)

ST e BiBRHS mDy=1.056 0x-0.010 4,81
—=— BiE% A 10 mD,y=1.056 0x—0.005 2,R*~=1
4 | BBEZHK10 mDy=1.056 0x-0.002 6_R*=1

30 40 50 60 70 80 90

FHNJES) /MPa
(b) HHEHK A2 m

E [ —+ BiBEXN5 mD,y=0.056x-0032 4,R>=1

5 —a— 3B3E% M 10 mD,y=0.056x-0.016 2,R*=1

%“_‘ 41— BiE%K10 mD,y=0.056x-0.008 1,R=1

=

& 3

=

2

]

R 1t

t}i

XK

0 10 20 30 40 50 60 70 80 90

FHNJESI /MPa
(d) HFKEH8 m

5.04

y=6.0X10"%*-3.0 X 107x*~
1.1X107x+5.036 0
R*=0.999 4

y=1.0X107x-6.0X 107 x*~

2.3X107%x+5.036 0
R*=0.999 4

5021
Y=2.0X1076-7.0X 107~
—— BiEF A5 mD 48X 102x+5.035 8
501 BERK10 mD R*=0.999 8
——BiEE N 10 mD
5.00 L !
0 1 2 3 4 5 6 7 8 9 10
HHEKE/m
() FHHES H90 MPa

8 HMEHNXEELRNNEERFSENRMN

Fig. 8 The effect of subsurface pressure on the stress intensity factor of fracture termination
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Fig. 9 The schematic diagram of plugging zone at

the fracture termination
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Fig. 10 The effect of plugging location on the stress in-

tensity factor of fracture termination
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